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$n$ Wightman $\langle\phi(x_{1})\cdots\phi(x_{n})$ } $\equiv\{0|\phi(x_{1})\cdots\phi(x_{n})|0)$
$\phi_{1}$ $|0_{1}$ }
$\{\phi(x_{1})\cdots\phi(x_{n})\}=$ $\{0_{I}|U(+\infty,x_{1^{0}})\phi_{I}(x_{1})U(x_{1^{0}},x_{2^{0}})\phi_{I}(x_{2})U(x_{2^{0}},x_{3^{0}})$
. .. $\phi_{I}(x_{n})U(x_{n^{0}}, -\infty)|0_{I}$ } $/\{0_{I}|S|0_{I}\rangle$ (2)
$U(x_{1^{0}},x_{2^{0}})$ $\equiv$ $T\exp[ig\int d^{4}u\epsilon(x_{1},x_{2}; u)\mathcal{L}_{I}(\phi_{I}(u))]$ , (3)
$\epsilon$ ( $x_{1},$ $x_{2}$ ; IL) $\equiv$ $\theta(x_{1^{0}}-u^{0})-\theta(x_{2^{0}}-u^{0})$
$=$ $\{\begin{array}{l}1x_{1^{0}}>u^{0}>x_{2^{0}}-1x_{1^{0}}<u^{0}<x_{2^{0}}0\not\in\otimes\{\Psi\end{array}$ (4)
$S$ $\equiv$ $U(+\infty, -\infty)$ . (5)
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(2) Wightman $T$ $\phi_{1}$
1984 ‘ A. Ostendorf Wightman ansatz
$\tau$ Feynman Wightman





[O.1] Feynman $n$ $N$





























) truncated Wightman $\{$ $\}_{T}$
33
$\{[\Phi_{1}, \Phi_{2}]\}$ $=$ $\{\Phi_{1}\Phi_{2}\rangle$ $-\{\Phi_{2}\Phi_{1}\}$
$=$ $(\{\Phi_{1}\Phi_{2}\}_{T}+\{\Phi_{1}\}_{T}\{\Phi_{2}\}_{T})-(\langle\Phi_{2}\Phi_{1}\}_{T}+\langle\Phi_{2}\}_{T}\langle\Phi_{1}\}_{T})$
$=$ $\{[\Phi_{1}, \Phi_{2}]\}_{T}$ . (7)
3 $\Phi_{1},$ $\ldots,$ $\Phi_{n}$ $(n-1)$ $(n-1)!$
:
$\mathbb{I}\Phi_{1},$ $\Phi_{i_{2}},$ $\Phi_{i_{3}}$ , .. ., $\Phi_{i_{n}}$ I $0\equiv[[[\Phi_{1}, \Phi_{i_{2}}],$ $\Phi_{i_{3}}$ ] $,$ $\ldots,$ $\Phi_{i_{n}}$ ]. (8)
$i_{2},$
$\ldots,$
$i_{n}$ 2, . . . , $n$
:
[1] $\Phi_{1}(x_{1}),$ $\ldots,$ $\Phi_{n}(x_{n})$ $(n-1)$ (8)
$n!$ truncated Wightman
$\varphi(x)$ :
$n\geqq 3$ $\{\varphi(x_{1})\varphi(x_{2})\cdots\varphi(x_{n})\}_{T}=0$. (9)
$n$ $(n-1)$
$(n-1)!$ $n!$ $n$ Wightman
(
) :










$\{\varphi(x)^{2}\}$ $=$ $0$ , (10)
$\{\varphi(x)^{2}\varphi(y)\varphi(z)\}$ $=$ $2\triangle^{(+)}(x-y)\triangle^{(+)}(x-z)$ , (11)





$(\coprod+m^{2})\phi=g\mathcal{L}_{I}’$ , $\mathcal{L}_{I}’\equiv\frac{\partial}{\partial\phi}\mathcal{L}_{I}(\phi)=\frac{1}{2}\phi^{2}$ ; (13)
$[\phi(x_{1}), \phi(x_{2})]|_{0}=0$ , (14)
$\partial_{0^{x_{1}}}[\phi(x_{1}), \phi(x_{2})]|_{0}=-i\delta^{3}(x_{1}-x_{2})$ (15)
$|_{0}$ (13)
$(\square +m^{2})^{x_{1}}[\phi(x_{1}), \phi(x_{2})]=g[\mathcal{L}_{I}’(x_{1}), \phi(x_{2})]$ . (16)
(16) (14) (15) Cauchy
$(\coprod+m^{2})^{x_{1}}\triangle(x_{1}-x_{2})=0$ , (17)
$\triangle(x_{1}-x_{2})|_{0}=0$ , $\partial_{0^{x_{1}}}\triangle(x_{1}-x_{2})|_{0}=-\delta^{3}(x_{1}-x_{2})$ (18)
$\triangle(x_{1}-x_{2})$ :
$[ \phi(x_{1}), \phi(x_{2})]=i\triangle(x_{1}-x_{2})-g\int d^{4}u\epsilon(x_{1},x_{2};u)\triangle(x_{1}-u)[\mathcal{L}_{I}’(u), \phi(x_{2})]$ . (19)
$\epsilon$ ( $x_{1},$ $x_{2}$ ; u) (4) $n\geqq 3$
$[$ $\phi(x_{1}),$ $\phi(x_{2}),$
$\ldots,$




$\mathcal{L}_{I}’(u)$ $\phi(u)$ (19) (20) $g$
:
$\phi(x)\equiv\sum_{N=0}^{\infty}g^{N}\phi^{(N)}(x)$, (21)
$[ \phi(x_{1}), \phi(x_{2})]\equiv\sum_{N=0}^{\infty}g^{N}[\phi(x_{1}), \phi(x_{2})]^{(N)}$ , (22)






$=- \int d^{4}u\epsilon(x_{1}, x_{2} ; u)\triangle(x_{1}-u)[\mathcal{L}_{I}’(u),$ $\phi(x_{2}),$
$\ldots,$
$\phi(x_{n})Io^{(N-1)}$ . (25)
$n\geqq 2$ $N\geqq 1$
Wightman
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$\{\phi(x_{1})\cdots\phi(x_{n})\}_{T}^{(0)}=0$ $(n\geqq 3)$ (28)
$\triangle^{(+)}(x_{1}-x_{2})$ $\triangle(x_{1}-x_{2})$





$=i \int d^{4}u[$ $\triangle^{(+)}(u-x_{j})\{$ $\theta(u^{0}-x_{1^{0}})\{\mathcal{L}_{I}’(u)\phi(x_{1})\cdots\phi\overline{(x_{j}})\cdots\phi(x_{n})\rangle_{T}^{(N-1)}$
$+ \sum_{i=1}^{j-1}\epsilon(x_{i},x_{i+1}; u)\{\cdots\phi(x_{i})\mathcal{L}_{I}’(u).\cdots\phi\overline{(x_{j}})\cdots\}_{T}^{(N-1)}\}$
$+\triangle^{(+)}(x_{j}-u)\{$ $\sum_{i=j}^{n-1}\epsilon(x_{i},x_{i+1} ; u)\{\cdots\phi\overline{(x_{j}})\cdots\phi(x_{i})\mathcal{L}_{I}’(u)\cdots\}_{T}^{(N-1)}$
$+\theta(x_{n^{0}}-u^{0})\{\phi(x_{1})\cdots\phi\overline{(x_{j}})\cdots\phi(x_{n})\mathcal{L}_{I}’(u)\rangle_{T}^{(N-1)}\}]$ . (32)
$j(=1,2, \ldots, n)$ –
Wightman
$(x_{1^{0}}>x_{2^{0}}>\cdots>x_{n^{0}})$ $ytt$
(32) (32) $B^{i}\backslash j$
$\epsilon(x_{i}, x_{i+1} ; u_{1})\epsilon(u_{1},x_{i+1} ; u_{2})=\epsilon(x_{i},x_{i+1} ; u_{2})\epsilon(x_{i}, u_{2}; u_{1})$ $N$
(32) (25)
$\{\phi(x_{1})\cdots\phi(x_{k-1})[\phi(x_{k}), \phi(x_{k+1}), \ldots, \phi(x_{1})Io\phi(x_{\ell+1})\cdots\phi(x_{n})\}_{T}^{(N)}$
$=- \int d^{4}u\epsilon(x_{k},x_{k+1}; u)\Delta(x_{k}-u)$






$+ \sum_{i=2}^{n-1}\epsilon(x_{i},x_{i+1} ; u)\{\phi(x_{2})\cdots\phi(x_{i})\mathcal{L}_{I}’(u)\cdots\phi(x_{n})\}_{T}^{(N-1)}$
$+\theta(x_{n^{0}}-u^{0})\{\phi(x_{2})\cdots\phi(x_{n})\mathcal{L}_{I}’(u)\}_{T}^{(N-1)}\}]$ (34)







(35) Ostendorf Wightman ansatz
(35)
$- \sum_{i=2}^{n}$ (37)














$[\varphi(x), \varphi(y)]|_{0}=[\dot{\varphi}(x), \varphi(y)]|_{0}=0$, (44)
$[\tilde{\varphi}(x),\tilde{\varphi}(y)]|_{0}=[\tilde{\varphi}(x),\tilde{\varphi}(y)]|_{0}=0$ (45)
(40) (44)
$[(\partial_{0})^{k}\varphi(x), \varphi(y)]|_{0}=0$ $k\geqq 0$ (46)
$x^{0}-y^{0}$
$[\varphi(x), \varphi(y)]=0$ (47)
2 $\varphi$ full commutativity $\varphi$
$\tilde{\varphi}$ full commutator :
$[\varphi(x),\tilde{\varphi}(y)]=iD(x,y)$ . (48)
$\mathcal{D}(x, y)$ Cauchy
$[\square +m^{2}-\varphi]^{y}D(x, y)=0’$ (49)
$\mathcal{D}(x, y)|_{0}=0$ , (50)
$\partial_{0^{y}}D(x, y)|_{0}=i\delta^{3}(x-y)$ (51)
$[\varphi(x),\tilde{\varphi}(y)]$ Cauchy (41) $\sim(43)$ (47)
$\mathcal{D}(x, y)$
$[D(x, y), \varphi(z)]=0$ , (52)
$[\mathcal{D}(x, y), \mathcal{D}(z, w)]=0$ , (53)






$[D(x, y), \tilde{\varphi}(z)]=-i\int d^{4}u\epsilon(x, y;u)D(x, u)\mathcal{D}(u, y)D(u, z)$ , (55)
















$+\epsilon$( $X_{2},$ $X_{3;u)\Delta^{(+)}(x_{2}}$ – $u$ ) $\triangle^{(+)}(u-x_{3})$
$+ \theta(x_{3^{0}}-u^{0})\prod^{3}\triangle^{(+)}(x_{j}-u)\}]$
$r=2$




$- \sum_{i=1j}^{3}\prod_{=1}^{i}\Delta^{(+)}(x_{j}-u)\prod_{k=i+1}^{3}\triangle^{(+)}(u-x_{k})]$ . (61)













Einstein ( ) ( $\sqrt{\kappa}$ $g$
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